T h e feasibility of ergonomic interventions to decrease the occurrence of workplace musculoskeletal injuries is the focus of much current attention. This article describes an attempt to apply a biomechanical model developed by the National Institute for Occupational Health and Safety (NIOSH) to analyze a task performed by nursing personnel within the hospital setting. The task was selected for analysis because the nurse manager on the unit had noticed an increase of injuries reported by his staff which were considered to be related to the task.
Musculoskeletal disorders, including low back injuries, have long been considered amenable to prevention. NIOSH developed lifting guidelines in 1981 (NIOSH, 1981) . These guidelines were presented in the form of a biomechanical model which came to be known as the NIOSH 1981 Lifting Equation. The model attempts to provide a way for occupational health and safety practitioners to compute an acceptable load to be lifted, balancing weight, frequency of lift, and vertical and horizontal distances the load is to be lifted.
Biomechanical models attempt to quantify forces placed on the human body while specific tasks are performed. A mathematical analysis of these forces is performed and a risk for injury is
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Ms. Steinbrecher is an occupational health nurse, Employee Health, University of Cincinnati Medical Center, Cincinnati, OH. 62 extrapolated from the results. In general, the models attempt to provide a systemic process of observation that will lead to a change in job demands.
The NIOSH 1981 lifting equation has limitations because it is useful only for certain tasks with body motions performed within the sagittal plane. Execution of tasks within this plane refers to up and down movements of the body without twisting. Therefore, the limitation hampers the equation's widespread use. Other biomechanical models such as "Backsoft" and the "Michigan Model" exist in the form of computer software, but they also apply only to lifting within the sagittal plane.
The NIOSH 1991 lifting equation expands on the 1981 equation because it can be used for a wider variety of tasks (Waters, 1993) . Specifically, it adds a coupling multiplier (this refers to the availability of handholds on the load being lifted) and the asymmetric multiplier (twisting motions or rotation of the trunk).
The newer equation is a specialized risk assessment tool. Its general intent is to assist in identifying ergonomic solutions for reducing the physical stresses associated with manual lifting by identifying the features of the lifting task that contribute the most to the hazard for low back injuries (Waters, 1993) . In general, the new criteria establish a recommended weight limit (RWL) that does not allow a significant increase in musculoskeletal injuries. It also does not allow disc compression force to exceed 3.4 KN or the energy expenditure rate to exceed 3.5 Kcal/min. Finally, it does not allow strength requirements to exceed 90% of the worker population. In the future, computer software will be commercially available to make the necessary calculations.
Certain limitations associated with the 1991 NIOSH lifting equation must be taken into consider a tion by the occupational health and safety practitioner. It is not intended for use in the evaluation of lifting people. Other assumptions of the equation that must be taken into consideration when the analysis is applied include: 1. Little energy expenditure to perform other manual tasks (th is means that other than the lifting, repetitive tasks su ch as pushing, pulling, walking, or climbing require little energy expenditure or, if they are commonly performed, other assessments of metabolic demands such as heart rate and energy expenditure may be necessitated). 2. Unpredictable conditions are not considered. 3. Working conditions are assumed to be ideal in terms of environmental factors. 4. Good footing is assumed to be available to the worker. 5. Lifting tasks as oppo sed to lowering tasks (e.g., lifting a box from a table as opposed to lowering a box from a table to the floor ) carry the same degree of risk of injury to the worker.
OCCUPATIONAL BACK PAIN AND HOSPITAL NURSING PERSONNEL
Occupational back pain is a significant problem among nursing personnel (Owen, 1991; Stubbs, 1983) . According to Owen (199 1), a high prevalence exists that may be substantially underreported.
In terms of biomechanical models used in the FEBRUARY 1994, VOL. 42, NO. 2 health care setting, Gagnon (1987 ) attempted to directly quantify the loads on the spine that nursing aides experienced while turning patients in bed. The compressive forces were calculated and the loads varied from 2479 N to 3526 N (th e 1981 NIOSH proposal states that loads below 3430 N do not require assistance), but the authors admit that some patients may significantly exceed that range. While much has been written about back injuries among nursing personnel, there exists a lack of objective studies concerning the evaluation of back injury control programs. Training programs concerned with back injury prevention have been emphasized, with little attention paid to actual ergonomic evaluation of specific hazardou s tasks (Jensen, 1991) .
This author reports on the use of the NIOSH 1991 Lifting Equation as an ergonomic assessment tool in the hospital. It applies to any manual lifting task performed by the nurses, other than the lifting of patients. Thi s article pertains to a task of depositing bags filled with soiled linens down a chute. The equation also can be applied to other required lifting tasks such as unloading supplies and moving patient equipment.
The author chose to use this biomechanical model as a means to quantify the effects of the loads lifted by the nurses. The anthropometric dimensions (body size, height, arm length, etc.) of the worker population were considered when the biomechanical analysis was planned. The NIOSH 1991 Lifting Guidelines equation yields RWLs Source: Waters (1993 
Equation for Task Variables
that are acceptable to men and to at least 90% of women and is an acceptable model to use. The author hoped that the objective data would substantiate the employees' complaints so that the situation could be rectified.
REVIEW OF TASK AND ERGONOMIC ANALYSIS
The occupational health office is located in a large, midwestern university hospital that employs approximately 5,000 workers. The nurse manager of the neuroscience unit contacted the occupational health office with a concern that at least five of the nursing staff on that unit had complained of back, neck, and shoulder pain as a result of the awkward postures required to drop bags filled with dirty linens down a hospital linen chute. The manager had attempted to remedy the situation by purchasing smaller linen holding carts for the unit. Although this may have helped somewhat, there were still problems with the task. It was decided that an ergonomic evaluation should be considered. Uppermost in the minds of the manager and the occupational health service staff was that any recommendations to alleviate the situation should be economically feasible.
A review of the health records of the nursing employees working on the neuroscience unit substantiates the problem of underreporting. The records revealed that not a single employee had formally reported an occupational injury related to the task under study. When asked about this, the nurse manager related that the injured employees had also lost time from work due to back pain, apparently using their personal sick time.
The neuroscience unit was visited by the ergonomic team, which measured and assessed the area in question.
The task involved entering a 3.5 sq. ft. closet from a main hallway. Entry to the closet necessitated manually holding open a heavy fire door, which would shut automatically if force were not held against it. No hardware was available to assist the worker to hold the door open (e.g., a doorstop). The worker was then required to prop open a second small door 21" X 21" to the linen chute itself, which opened from the opposite direction. Again, no hardware was provided to assist with this maneuver, and the linen chute door would automatically shut without maintaining pressure on it. The top of the door to the chute measured 4 ft. from the floor (Figure 1 ).
The nursing staff was required to perform the task approximately three times per shift, with duration of the task estimated to be less than 15 minutes. Other than lifting of patients, no other manual lifting tasks were performed by nurses on the unit. The nurses spend an average of 1.5 to 2.0 hours per shift lifting patients in addition to emptying linen down the chute.
The team returned the following week with a video camera to tape the employees performing the task. Important information concerning angles of body positions was obtained from a videotape for use in the biomechanical analysis.
Several employees, both male and female, of various heights and body builds, were videotaped performing the task of removing the plastic bag filled with dirty linen from the linen cart and depositing it down the chute. The bags filled with linen were weighed on a balance scale. The mean weight was 15 lbs (6.8 kg) with a range of 9.0 to 20.0 Ibs (4 to 9 kg).
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Equation RWL = LC x HM x VM x DM x AM x FM x CM Components RWL = recommended weight limit LC = load constant HM = horizontal multiplier VM = vertical multiplier DM = distance multiplier AM = asymmetric multiplier FM = frequency multiplier CM = coupling multiplier Where H = horizontal distance of hands from midpoint between the ankles. Measure at the origin and destination of the lift in centimeters or inches. V = vertical distance of the hands from the floor. Measure at the origin and destination of the lift (cm or in). D = vertical travel distance between the origin and destination of the lift (cm or in). A = angle of asymmetry-angular displacement of the load from the sagittal plane. Measure at the origin and destination of the lift (degrees). F = average frequency rate of lifting measures in lifts/min. Duration is defined to be less than or equal to either 1 hour, 2 hours, or 8 hours, assuming appropriate recovery allowances. 
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Parameters Origin Destination Origin Destination Origin Destination Units
Weight of object 6.803 6.803 6.803 6.803 6.803 6.803 kg Horizontal location 37.5 37.5 37.5 37.5 37.5 60 cm Vertical location 87. The videotape was replayed and careful attention was paid to the movement of the employee's back, trunk, shoulders, arms, and legs. The employees all displayed the following: 1. Slightly to extremely bent and twisted back and trunk (Figure 2 ). 2. Increased effort exerted to remove full bag of linen from the cart, in some cases raising arms above shoulders (Figure 3 ). 3. Awkward postures maintained to hold both the chute and room door open. Pressure was applied with either the back, feet, or one extended arm. 4. Often one arm was held in an extended reach to drop linen into the chute opening or to hold the chute door open. Based on these observations, the team divided the task into three separate actions. They found it helpful to draw stick figures of each task.
Task 1. The bag of linen is lifted vertically from the linen cart with both arms. The carts did not allow for removal of the load from the bottom or side of the cart so that the load could slide across the floor.
Task 2. The bag of linen is lowered and held in front of the employee's trunk and is carried closer to the door of the room. FEBRUARY 1994, VOL. 42, NO.2 Task 3. The doors to both the room containing the linen chute and the linen chute itself are propped open with either one arm and one leg, or the back and trunk and one arm. The load oflinen is then deposited down the chute, requiring an angle of body rotation of approximately 135°.
Using computer software that automatically calculates the mathematical results for the task being analyzed, the variables for each of the above described tasks were plugged into the equation (Table 1) .
ANALYSIS OF RESULTS AND RECOMMENDATIONS
The NIOSH 1991 lifting equation sets the maximum RWL at 23 kg or 50.6 lbs under ideal conditions when all lifting risk factors are equal to 1 (Karwowski, 1993) . This result is applicable to men and 90% of women. When considering this, one must remember that ideal conditions rarely exist, and the RWL decreases as other variables worsen. Table 2 shows the mathematical computation of all of the variables discussed previously. When the result for the RWL is examined for all three tasks, it is evident that Tasks 1 and 2 are not a problem. The load being lifted does not exceed the maintenance department ofthe hospital agreed to implement these changes. A follow up study is planned to evaluate the overall effectiveness of the changes.
